Amylase Activity and Sprout Damage in Sorghum (Sorghum bicolor L. Moench) by Murty, D S et al.
Amylase Activity and Sprout Damage in Sorghum (Sorghum bicolor L. Moench)1
D. S. M URTY, V. SUBRAMANIAN, S. SURYAPRAKASH, H. D. PATIL, and L. R. HOUSE2
ABSTRA CT Cereal Chem. 61(5): 415-418
Sorghum  grain samples from  several genotypes affected by wet and 
hum id w eather during m aturation were studied. Amylase activity in the 
rain-affected grains ranged from  6.1 to 18.0 units per gram, whereas values 
below 6.7 were observed for dry-season harvests. Enzyme activity in the 
range of 8 .2-12 .6  units per gram  was associated with incipient damage, 
while values above 12.6 were associated with visible symptoms of sprouting.
Laboratory-sprouted samples (30  hr) of 15 cultivars showed an average 
enzyme activity of 22.8 units per gram  and poor rolling, gel, and roti quality 
characters. Increased amylase activity was associated with decreased food 
quality characteristics. Studies on composites of norm al and sprouted grain 
samples showed th at 20%  sprouted grains in the composite resulted in 
significant changes in the food-quality properties.
In  m any regions o f th e  w orld, th e  m atu rity  o f th e  sorghum  crop 
coincides w ith prolonged  wet and  hum id w eather. This m ay result 
in g rain  d eterio ra tio n  caused by m olds, discoloration, and 
preharvest sp ro u tin g  (M u rty  et al 1980, C asto r and  F rederiksen 
1980). T he effects o f discoloration  an d  m olds on  th e  com position 
and quality  o f  the g rain  have been rep o rted  (G lueck and  R ooney
1980, M u rty  et al 1982a). However, th e  precise effects o f preharvest 
sprouting, as d istinct fro m  those caused by m olds, have not 
received m uch a tte n tio n  in the past. Som e im m atu re  seeds of 
sorghum  are vulnerable to  sp routing  in w et and  hum id w eather, as 
sorghum  g rain  has no stro n g  d orm ancy m echanism s (K ersting  et al 
1961, G ritto n a n d  A tkins 1963, C lark  e ta l  1967, M a itie ta l  1984 in 
press). S p ro u t d am age results in  th e  m odification  o f storage 
carbo h y d rates of th e  grains and  affects the quality  o f the food 
product. In  w heat, th e  level o f a-am ylase activity  in  flo u r has been 
used to  assess sp ro u t dam age and  to  p redict b read  quality  (P ra tt 
1977, C am pbell 1980, B uchanan and  N icholas 1980). R ecently, 
M athew son et al (1 9 8 2 ) rep o rted  the level o f a-am ylase activity  in 
m arket sam ples o f sorghum  and  have p roposed  a  colorim etric 
assay to  assess sp ro u t dam age.
The developm ent o f such objective techniques fo r evaluating 
grain and  food quality  are useful in  crop im provem ent, m arketing, 
and fo o d  processing. T he objective o f th e  p resent study was to 
survey th e  level o f am ylase activity in grain from  rainy-season 
harvests and  fro m  lab o rato ry -sp ro u ted  sam ples o f im proved 
sorghum  cultivars an d  to  explore the possibility  o f utilizing an 
enzyme assay as a  technique to  p redict th e  fo o d  quality  o f wet- 
season harvested grain.
M A TER IALS A N D  M ETH O D S
Two groups o f sorghum  grain sam ples were studied: harvests 
from  the rainy season crop, and  laborato ry -sp ro u ted  samples.
Harvests from Rainy-Season Grain Samples
Bulk g rain  harvests fro m  25 diverse genotypes belonging to  
early- an d  m edium -m aturity  groups p lan ted  in  advanced yield 
trials a t th e  IC R IS A T  C enter were studied. T he yield trials were 
planted on  Ju n e  19, 1982, and  were harvested in  O ctober, a  week 
after physiological m aturity . G rains w ere physiologically m ature 
w hen black-layer fo rm atio n  in the h ilar region a t the bo tto m  
p ortion  o f th e  panicle w as com plete. T he crop  w as entirely rain-fed. 
E xtrem ely w et an d  hum id w eather prevailed fo r  ab o u t 10 days 
before harvest tim e. All grain  sam ples were m oldy, and  sam ples of 
some cultivars show ed sym ptom s o f sprouting . T he harvested
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sam ples w ere sun-dried to  11 %  m oisture co n ten t and  were stored at 
ro o m  te m p eratu re  fo r  ab o u t a m o n th  before being assayed fo r 
am ylase activity.
G rain  sam ples o f cultivars S P V 35 1 , SPV  386, and  SPV  4 7 5  were 
collected fro m  a n  experim ent p lan ted  in  late Ju ly  o f 1982 for 
com parative studies. These grains m atu red  du rin g  relatively dry 
w eather an d  d id  n o t show  any  visual sym ptom s o f w eathering. 
Panicles fro m  one of them  (S P V  3 5 1 ) were collected at 
physiological m atu rity  and  were tested after being soaked in 
d istilled w ater, th en  germ inated a t  27° C. G rain  sam ples were taken 
fro m  th e  panicles a t 12-hr intervals and  assayed fo r am ylase 
activity.
Laboratory-Sprouted Grain Samples
B ulk g rain  sam ples o f 15 cultivars harvested in  th e  postrainy 
season o f 1981 and  stored fo r  ab o u t eight m o n th s a t room  
tem p eratu re  w ere chosen fo r sp routing  studies. G rain  sam ples were 
soaked in  distilled w ater fo r 4  h r and  then germ inated a t 27° C for 26 
hr. A fter germ ination , th e  grain  was dried a t  35° C to  a  m oisture 
c o n ten t o f 10%. C o n tro l and  lab o rato ry -sp ro u ted  g rain  sam ples 
w ere subjected to  enzyme assay and flour-quality  studies.
G rain  sam ples of tw o cultivars, CS 3541 and  SPV  352, were given 
th e  sam e trea tm en t as th a t m entioned above; sam pling was at 4-hr 
intervals fro m  fo u r to  24  hr. T he sam ples w ere sim ilarly dried and 
th en  subjected to  the enzyme assay and  flour-quality  tests.
G rain  sam ples of S P V  47 5  w ere soaked in d istilled w ater fo r 4  hr 
an d  th en  germ inated at 27°C . They were rem oved from  the 
g e rm in a to r a fte r 18 h r and  dried  at 35 °C  to  a  m o istu re  co n ten t of 
10%. T he sprouted grain was used to  study the flour quality of 
m ixtures fro m  co n tro l and  sprouted grains.
Isolation and Assay o f Amylase from Sorghum Grains
G rain  sam ples were ground in  a  U dy mill to  pass th ro u g h  a 
0 .4-m m  screen. E x trac tio n  and  assay o f am ylase in  th e  flour were 
p erfo rm ed  in  duplicate, as rep o rted  by C hrispeels an d  V arner 
(1 9 6 7 ), w ith  m in o r m odifications. F lo u r sam ples (0 .5  g ) were 
extracted  w ith 10 m l o f 0 .2 M  sodium  chloride fo r 30  min. The 
slurry  w as centrifuged a t 3 ,0 00  X g  fo r  15 m in  a t  4 °C . T he resulting 
su p ern atan t, referred to  as enzyme ex tract, was used fo r the assay.
A  fresh starch  solution was m ade daily using 150 m g of 
nonsolubilized p o ta to  starch  (S ig m a C hem ical C o.), 60 0  m g of 
K H 2P O 4 , and 2  m g o f C aC h  in  a  final volum e o f 100 mi. T he starch  
solu tion  (p H  4 .6 5 ) was boiled fo r 2  m in, cooled, and  centrifuged at 
3 ,0 0 0  X g  fo r  15 min. T he clear su p e rn a ta n t was used as the 
substrate.
T he am ylase assay was done a t ro o m  tem perature, using an 
a liq u o t o f 1 m l o f enzyme extract. T he reaction  was started  by the 
ad d itio n  o f 1 m l o f starch  solution and  lasted  fo r 5 m in before being 
stopped  by the ad d itio n  o f 1 m l o f iodine reagent (0 .1%  iodine in 
p o tassiu m  iodide). D istilled w ater (5  m l) was ad d ed  to  each tube 
an d  th e  absorb an ce read a t 620 nm . The initial absorbance o f the 
starch  solution w as usually ab o u t 0.82. A correction fo r absorbance 
•of soluble starch  in  th e  enzyme ex tract was m ade by su btracting  the 
ab so rb an ce o f th e  enzym e ex tract (boiled  in  w ater fo r  10 m in) from  
th e  ab so rb an ce o f the starch  solution. The decrease in  absorbance
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a t 6 2 0  nm  by  the ac tio n  of the enzym e is p ro p o rtio n a l to  the 
q u an tity  o f am ylase p resent in th e  sam ple. A m ylase enzyme 
o btained  fro m  porcine, pancreas (S igm a C hem ical C o., N o. 68 8 0) 
w as used for calib ratio n  o f enzyme activity. A ssay w ith 10 n g  of 
enzym e equivalent to  1.6 units resulted  in a  0 .0 7  increase in 
absorb an ce a t 62 0  nm . This gave a  conversion factor o f 0 .229  units
TABLE I
Amylase Activity in Sorghum Grain Samples 
Harvested in Rainy Season
Genotype
Days to 50% 
Flower
Amylase Activity 
(units/g)
Varieties
M 60272 64 14.1
M60351 64 9.5
M 60936 64 10.8
M 60394 63 7.9
M 60336 62 18.0
M 60370 62 8.7
M 60350 62 12.6
CSV 4 61 13.0
M 60044B 61 9.6
M 60013B 59 6.1
M 60005B 58 7.4
M 60027B 58 7.1
M 60031B 58 8.2
M 60050B 58 6.7
623 B 57 7.3
Hybrids
2219A  X M R  802 5.9 7.9
296A  X M R  836 59 . 7.2
296A  X M R  839 59 8.0
296A  X M R  844 59 11.2
296A ' X M R  858 
2077 A X CS 3541
59 8.9
(C S H  5)
296A X CS 3541
59 6.7
(C SH  9 ) 59 10.5
2077A  X M R  824 58 7.6
296A  X M R  841 58 11.1
296A  X M R 846 58 9.2
SE 0.55
p er 0.1 change in  absorbance a t 620 nm  fo r a  5-m in assay period at 
p H  4.65.
F ood-Q uality  M easurem ents
W hole-grain  sam ples w ere g ro u n d  w ith a  M ilcent D om estic Size 
2  la b o ra to ry  C arb o ru n d u m  stone mill (B alaji M ill Traders, 
S ecunderabad, In d ia ). F lo u r sam ples (2 5  g ) w ere sifted by  hand, 
using sieves w ith openings o f 75  and  125 jum. F lo u r w as sieved 
continuously  u n til no  m ore flo u r passed th ro u g h  th e  sieve. F lour 
m ixtures fro m  sprouted and co n tro l sam ples were obtained by 
grinding a  m ix tu re  o f grains in the required p ro p o rtio n s. The gel 
spread and  ro ti-quality  tests were perform ed according to  the 
procedures o f M u rty  et al (1 9 8 2 b ) and  M urty  and  S ubram anian  
(1 9 8 2 ), respectively.
R E S U L T S  A N D  D IS C U S S IO N
A m ylase A ctivity o f  R ainy-Season Sam ples
G rain  sam ples harvested fro m  som e genotypes o f th e  rain- 
affected crop show ed chits and  acrospires o f 2 -4 -m m  length were 
occasionally observed. V isual observations show ed th a t am ong 
these genotypes (M 6 0 2 7 2 , M 6 0 3 5 1 ,2 9 6 A  X M R  836, M 60336 , and 
29 6 A  X M R  8 4 4 ), the n u m b er o f grains suspected to  be sprout- 
dam aged was ab o u t 3 -4% . N o visual sym ptom s o f germ ination 
w ere observed in th e  o th er genotypes. T he levels o f am ylase enzyme 
activity  am ong th e  25 cultivars varied fro m  6.1 to  18.0 units per 
gram  (T able I). Som e late-m aturing  genotypes show ed a  high level 
o f enzym e activity, while som e early-m aturing genotypes showed 
relatively low  enzym e activity. M athew son et al (1 9 8 2 ) noted th a t 
a-am ylase co n ten t varied widely am ong field-sprouted sorghum  
lines and  th a t som e genotypes th a t exhibited b ad  sprouting 
co ntained  relatively sm all am ounts of a-am ylase. W e found it very 
difficult to  ra te  sam ples fo r sprou tin g , especially w hen only a 
percentage o f  the grains show ed visual sym ptom s like bulging and 
chitting  a t th e  em bryo region and  o f  varied severity. Visual 
m ethods fo r m easuring sprouting do n o t distinguish sam ples th a t 
v ary  in  th e  degree o f sp ro u tin g  and  ca n n o t detect incipient dam age 
in w hich a-am ylase h as been pro d u ced  in  th e  grain  b u t in  w hich the 
acrospire is n o t visible (M athew son et al 1982). A crospires are often 
b ro k en  off du rin g  threshing and  grain  ^ processing.
Several grain  sam ples collected fro m  the three cultivars SPV  351, 
S P V  475, and  S P V  386, w hich w ere grow n in  th e  late plantings
TABLE n
Flour and R oti Properties of Norm al (C ) and Sprouted (S ) Sorghum  Grain Samples
Flour® R otib
Amylase % Flour Through Gel Spread Rolling Quality Keeping-Quality
Gerrni- Activity (units/g) 75Mm (m m ) (cm ) Taste Score Score
Genotype nation C S C S C S C S C S C S
M  35-1 82 4.7 20.7 66.1 67.8 57 57 24.2 21.6 2.0 2.5 2.0 2.5
IS 10504 88 7.4 21.6 73.1 83.3 73 94 16.0 17.1 3.0 4.0 3.0 ’ 4.0
SPV 351 91 10.4 23.1 48.4 62.9 58 62 22.2 19.7 2.5 3.0 2.5 . 2.7
SPV 475 96 6.5 24.5 43.9 53.1 55 57 23.7 21.5 2.7 3.0 2.5 2.7
CSH 1 43 4.4 20.7 53.5 61.5 57 57 23.7 21.5 2.7 3.0 2.5 2.5
CSH 6 .44 5.0 21.3 .52.2 50.2 58 62 22.5 21.2 2.5 3.5 2.7 3.2
2077B 82 4.7 23.7 64.9 72.8 58 58 23.5 17.4 2.7 4.0 2.7 3.7
CSV 4 94 6.5 23.0 39.4 52.9 56 57 22.4 17.7 2.7 3.5 2.7 . 3.2
M othi 98 5.1 22.4 41.3 54.5 59 64 23.5 20.2 2.5 3.7 2.7 3.7
Safra 98 5.9 22.0 53.1 70.9 61 70 23.5 17.2 3.0 3.7 3.0 4.0
SPV 352 98 5.5 22.9 47.9 54.8 59 63 23.7 19.1 3.0 3.5 3.0 3.0
CSH  9 98 5.2 24.7 44.4 62.8 61 64 23.2 19.1 2.5 3.0 2.7 3.0
CSH  5 81 4.7 24.8 59.2 69.1 60 64 22.0 19.2 2.2 3.0 2.2 2.5
CSH 8 63 4.2 22.9 63.8 69.4 56 55 24.7 20.7 2.8 3.5 2.5 2.7
E 6954 66 3.9 23.4 42.5 57.2 56 58 25.5 20.5 3.0 4.0 2.5 2.7
SE ± 0.42 0.35 2.70 2.40 1.1 2.5 0.55 0.42 0.07 0.12 0.07 0.13
C vs S mean
difference * * c * * c **» **c **s
a Values are averages of two observations.
bRoti taste and keeping quality were rated on a scale of 1-5, where 1 = good and 5 = very poor. 
c**  = significant at P  = 0.01 by paired r-test. 
d* = significant at P  = 0.05 by paired r-test.
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(J u ly  19 8 2 ) and  th u s w ere n o t exposed to  rain  du rin g  m atu ratio n , 
show ed enzym atic activity  in th e  range of 5 .0 -6 .7  units p er gram . 
These sam ples w ere free o f m olds. Physiologically m ature grains of 
S P V  351 show ed enzym e activity values a ro u n d  6 .4  units per gram . 
H o u rly  sam pling show ed th a t such grains sp ro u ted  on th e  panicle 
only after 48  h r o f contin u o u s wet and  hum id conditions in the 
g erm inator. H ow ever, in n ature, a lternate w etting and  drying of 
panicles is m ore com m on. Sam pling a t 12-hr intervals show ed th a t 
enzym e activity  in  th e  grain  was 6.4, 6 .7, 8.9, an d  17.5 units per 
gram  a t 12, 24, 36, and  48  hr, respectively. These studies show  th a t 
enzym e activity  levels up  to  6 .7  units per gram  can be encountered 
in sound  seeds harvested from  th e  wet season. Incipient dam age 
should  be suspected in  seeds show ing enzym e activity o f 8 .9 -1 2 .6  
units p er gram . Seeds w ith som e visible sp ro u t dam age had 
a m y la s e -a c tiv ity  v a lu e s  g re a te r  th a n  1 2 .6  u n its  p e r  g ra m . 
G erm ination  tests o f all the grain sam ples confirm ed these findings. 
These results agree w ith those of M athew son et al (1 9 8 2 ), reported 
from  sam ples o f sorghum  grow n in th e  U nited States.
Am ylase A ctivity and Flour Quality o f  Laboratory-Sprouted 
Samples
A m ylase activity  o f laborato ry -sp ro u ted  grains was very high 
(T ab le  II ). T he co n tro l sam ples show ed a very low  value— 5.6 units 
per gram .
A verage p article  size o f flour fro m  the sprouted  sam ples was 
significantly less th a n  th a t of th e  contro l. The p article  size o f the 
flo u r fro m  sp ro u ted  grain  was reduced by 2 0 -3 0 % , as reflected by 
th e  increased a m o u n t o f flo u r passing th ro u g h  th e  15-jj.m sieve. A 
m oderate  p article  size (6 5 %  o f flo u r < 7 5  /xm) is suitable fo r m aking 
a  good dough and  ro ti (M u rty  et al 1982a).
A verage ro lling  quality  o f sprouted  sam ples was m uch low er 
th a n  th a t of co n tro l sam ples. H ow ever, rolling quality  o f flour from  
sprouted  grains o f C S H  6 was n o t significantly low er th a n  th a t of 
contro l sam ples (T ab le  II ), p ro b ab ly  because the am o u n t of 
germ ination in this lot w as only 44% . T aste an d  keeping quality  of 
th e  ro tis  m ade fro m  sprouted  sam ples w as p o o rer th a n  those from  
contro l sam ples.
G el-spread values fo r the sprouted sam ples w ere significantly 
higher th a n  th a t o f  th e  co n tro l sam ples (T able II). A  thick gel is an 
im p o rtan t a ttrib u te  o f sorghum  porridges (R o o n ey  and  M urty 
1982).
H ourly  sam pling o f sprouting  grain  from  the tw o cultivars 
showed th a t, as sp ro u tin g  progressed, am ylase activity increased 
(T able II I ) an d  ro ti quality  becam e p oorer. A significant increase in 
the am ylase activity  occurred after 2 0  hr. Som e changes in flour 
particle size, gel spread, an d  ro ti quality  were observed even a fter 8 
hr.
T he studies w ith  flo u r from  m ixtures o f co n tro l and  sprouted 
grain  show ed th a t ro lling  quality  w as significantly reduced only 
w hen 4 0%  o f th e  grains in  the com posite h ad  sprouted  (T able IV). 
S ignificant red u ctio n  in the flo u r particle size occurred w hen only 
10% o f sp ro u ted  g rain  w as added. T  aste and  keeping quality  o f ro ti 
decreased significantly w ith a  m ixture o f 30%  o r m ore sprouted 
grains. A n increase in  th e  am o u n t o f sp ro u ted  grains in  th e  m ixture 
was accom panied  by  an  increase in  am ylase activity  and  a  decrease 
in ro ti quality. G el spread significantly increased even w hen 20%  of 
the grains in  the sam ple had sprouted.
CONCLUSIONS
Am ylase activity  o f rain-affected grain  sam ples ranged from  6.1 
to  18.0 units p er gram , while grains sp ro u ted  in  the la b o ra to ry  for 
30  h r show ed a  m ean enzyme activity o f 2 2 .8  units per gram . 
Enzym e activity  levels in  physiologically m atu re  panicles sam pled 
in th e  d ry  season also confirm ed th a t grain  free fro m  sp ro u t dam age 
exhibited am ylase activity  o f 6 .7  units per gram  o r less. Enzym e 
activity levels betw een 8 .2  and  12.6 units per gram  p robably  
indicate incipient sp ro u t dam age, w hereas values above 12.6 are 
accom panied by visible sym ptom s o f germ ination. Bulk sam ples of 
rain-affected sorghum  harvest show ing am ylase activity  values less 
th a n  8 .2  units p er g ram  w ould be desirable. The studies on 
lab o ra to ry -sp ro u ted  sam ples were in itiated  so th a t the effects of
TABLE III
Changes in the Grain, Flour, and R oti Qualities of Sorghum 
Grains D uring Sprouting
Flour*
% Flour Gel Rolling ______1 * ° ^
Amylase Through Spreading Quality Keeping
Treatm ent (units/g) 75 Mm (m m ) (cm ) Taste Quality
Control 5.9 44.1 57.5 23.2 2.3 2.4
Sprouted 
8 hr 6.3 54.0 59.0 • 22.9 2.5 3.0
Sprouted 
12 hr 5.4 57.0 59.5 22.8 2.6 3.0
Sprouted 
16 hr 9.8 59.1 59.5 23.1 3.0 2.8
Sprouted 
20 hr 13.4 56.3 61.0 23.0 3.5 2.8
Sprouted 
24  hr 23.6 59.0 61.0 19.5 4.0 3.7
S E M ± 2.86 1.69 0.53 0.42 0.25 0.14
‘Averages of two observations over two cultivars, CS 3541 and SPV 352. 
bRoti taste, texture, and keeping quality were scored on a scale of 1—5, where 
1 =  good and 5 =  poor.
TABLE IV
Flour and R oti Properties of M ixtures of Sprouted 
and Normal Sorghum (SPV  475) Grains
Flour® R otib
Amylase % F lour Gel Rolling 
Activity Through Spreading Quality 
Treatm ent (units/g ) 75 ,um (m m ) (cm ) Taste Texture
Keeping
Quality
Control
(C ) 5.0 44.5 53 24.7 2.7 2.7 3.0
90% C  + 
10%
sprouted 7.3 50.1 54 23.7 2.7 2.7 3.2
80% C + 
20%  . 
sprouted 10.9 51.7 55 24.2 3.0 2.7 3.2
70% C + 
30%
sprouted 13.6 51.7 54 24.4 3.0 3.0 3.2
60%  + 
40%
sprouted 16.1 51.3 55 22.6 3.2 3.2 3.5
50% C  + 
50%
sprouted 17.7 50.4 55 22.5 3.5 4.0 3.2
100%
sprouted 23.4 54.9 56 21.5 4.5 4.5 3.7
S E M ±  . 2.65 0.85 0.24 0.19 0.22 0.25 0.08
a Average of two observations..
bR oti taste, texture, and keeping quality were scored on a scale of 1-5, where 
1 =  good and 5 =  poor.
sp routing  independent o f grain m olds and w eathering in  the rainy- 
season field-harvested sam ples could be observed. Results 
indicated th a t dam age to  flo u r quality  could be significant if the 
field harvests co n tain  10 -2 0 %  sprouted  grains. H ow ever, the 
com bined effects o f m olds, in ad d itio n  to  sprouting , could  lower 
f lo u r quality  to  an  even greater ex tent th a n  th e  effects o f sprouting 
alone. N o a tte m p t w as m ade to  study th e  direct effects o f am ylase 
on  flo u r and  food quality. H ow ever, o ur study show s th a t grains 
affected by w et w eather could  have high am ylase activity  in the 
flo u r and  p o o r food quality.
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Bread-Making Test for 10 Grams of Flour1
M. D. SHOGREN and K. F. FINNEY2
ABSTRACT
A bread-m aking test for 10 g of flour was developed. Dough mixer, 
liquid-dispensing apparatus, shortening dispenser, dough molder, bread 
pans, and lo af volumeter are described. Com parisons of 10- and 100-g 
bread-making tests were made on fractionated and reconstituted flours, on 
two flour-protein series, one of station composites and the other of a single
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variety, on loaf-volume responses to various concentrations of glucose, and 
on a flour that responded to  various levels of oxidation. Correlations 
between the 10- and 100-g bread-making tests ranged from  r =  0.976 to r = 
0.991.
E arly frac tio n atio n  an d  reco n stitu tio n  studies conducted in our 
la b o ra to ry  utilized a  100-g bread-m aking  test. P re p a ra tio n  of 
gluten fractions eventually becam e too tim e-consum ing fo r the 
100-g test to  be practical. Therefore, a  bread-m aking  test fo r 10 g of 
f lo u r  w as d e v e lo p e d  (S h o g r e n  e t a l 1 9 6 9 ).  S u b s e q u e n tly , 
im provem ents in eq u ip m en t have been m ade, b u t the basic concept 
o f the 100-g m ethod was retained. D etails o f 10-g procedures and 
im proved equipm ent, together w ith com parisons o f th e  10- and 
100-g m ethods, are reported  here.
M A T E R IA L S  A N D  M E T H O D S
W heat and  F lo u r Sam ples
F lo u r fro m  the varieties Paw nee, C om anche, C .I. 12995, 
K S 501097, and  K S 501099  were fractio n ated  in to  g luten an d  starch 
plus w ater-solubles follow ed by fractional p recip itation  o f the
‘M e n tio n  o f  f irm  nam es o r  tra d e  p ro d u cts  does n o t im ply th a t  th e y  are  en d o rsed  or 
^ rec o m m e n d ed  by th e  U S D A  over o th e r firm s or s im ilar p ro d u c ts  n o t m entioned . 
R esearch  fo o d  te ch n o lo g ist a n d  researc h  chem ist, respectively, U. S. C ra in  M ark etin g  
R e s e a rc h  L a b o r a to r y ,  A g r ic u l tu r a l  R e s e a rc h  S e rv ic e ,  U .S . D e p a r tm e n t  o f  
A gricu lture, M a n h a tta n , K S 6650 2 .
This article is in the public domain and not copyrightable. It may be freely 
reprinted w ith custom ary crediting of the source. The American Association of 
Cereal Chemists, Inc., 1984.
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gluten fro m  a d ilute  lactic acid so lu tion  (S h o g ren  et a l 1969). 
R econstitu ted  flours contained the glu ten  fractions an d  th e  starch 
plus w ater-solubles.
A p p ro x im ately  25  h ard  red  w inter w heat varieties were 
harvested a t each o f m any stations th ro u g h o u t th e  G reat Plains 
d u rin g  th e  years 1 9 7 7 -1 9 7 9  and  com posited by sta tio n . T he station 
com posites ranged  in flo ur-protein  co n ten t from  7 .9  to  17.2%  (14%  
m b).
T he h a rd  w inter w heat variety N ew ton  was harvested a t 15 
stations in  1979. F lo u r protein  content ranged fro m  7.3 to  14.8%.
A  regional b ake stan d ard  (R B S -78 ) consisted o f  m any hard 
w inter w heats harvested th ro u g h o u t the G reat P lains in  1978. 
R B S -78 flo u r h ad  a  p ro te in  co n ten t o f 12.3% . It was baked  w ith 
0 -1 0 %  glucose.
T he h ard  w inter w heat variety Payne was harvested a t four 
locations in  1979. The blend had a  flo ur-protein  content o f 13.4% , a 
m edium -short m ixing tim e, and  a  good loaf-volum e response to 
o x id atio n . L o a f characteristics were determ ined a t several levels of 
oxidation.
B read-m aking E quipm ent
T he ferm en ta tio n  pans and  cabinet were those used in th e  100-g 
test. O ven tem p eratu re  w as raised fro m 2 1 5  to  232° C, an d  th e  shelf 
covering of sheet asbestos doubled to  1 / 8 in. Sheeting rolls were 
spaced a t 0 .0984  in. (2 .50  m m ) fo r all punches. S hortening  (0 .3  g) 
w as ad d ed  to  th e  flo u r in th e  m ixing bow l by m eans o f a  length  of
